A process capability study is performed for the turning process on a general purpose center lathe in order to verify the process performance and machine ability to perform within specified tolerance limit. The process and machine capability indices were measured to determine the process and machine adequacy for industrial application. The tolerance limits were obtained from the given nominal size of the shaft, using the basic hole system and 90 sample shafts were turned on the lathe machine to specification for varying spindle speed and feed rate of the lathe. Three (3) samples were randomly selected for the turning process of a combination of the spindle speed and feed rate as a subgroup size for a total subgroup of thirty (30). The diameters (representing the quality characteristics) were used to generate control charts and capability histogram for the process. The process is within statistical control but found incapable of meeting up to specification because the capability index (Cp) measured was less than 1 and the machine capability for industrial application is not adequate.
Introduction
Machining is a general purpose manufacturing process for the manufacture of machine components and the performance evaluation of metal cutting machine tools is often based on their capability in machining work piece to specified details. The ISO standards had described the statistical methods of managing the machining process of sample work piece on machine tools. Process capability is the long-term performance level of a process brought under statistical control. Statistical process control is an excellent quality assurance tool to improve the quality of manufacture and ultimately scores on end-customer satisfaction [1] . The process capability is the ability of the combination of the equipment to produce a product that will consistently meet the design requirements and the customer expectation. The analysis ensures that processes are fit for industrial specification and limiting the process variation is important in achieving product quality characteristics [2] . A computational framework for control of machining system capability was discussed in [3] . Process capability indices are effective tools for the continuous improvement of quality, productivity and managerial decisions [4] . The indices form complementary system of measurement of process performance. The turning operation process capability indices could be evaluated towards measuring the performance of the process. The capability indices could be used to compare controlled process output to the specification limit desired [5] [6] . Process capability studies indicate if a process is capable of producing virtually all-conforming product.
Process capability indices performance measure of the machine operation has become very popular in assessing the capability of manufacturing processes hence determining the machine tool performance. More and more efforts have been devoted to studies and applications of process capability indices. A process capability index is a numerical summary that compares the behavior of a product or process characteristic to engineering specifications [7] [8] . These measures are also often called capability or performance indices or ratios; we use capability index as the generic term. A capability index relates the voice of the customer (specification limits) to the voice of the process. A large value of the index indicates that the current process is capable of producing parts that, in all likelihood, will meet or exceed the customer's requirements. A capability index is convenient because it reduces complex information about the process to a single number. Capability indices have several applications, though the use of the indices is driven mostly by monitoring requirements specified by customers. Many customers ask their suppliers to record capability indices for all special product characteristics on a regular basis. The indices are used to communicate how well the process has performed. For stable or predictable processes, it is assumed that these indices also indicate expected future performance. Suppliers may also use capability indices for different characteristics to establish priorities for improvement activities. Similarly, the effect of a process change can be assessed by comparing capability indices calculated before and after the change. Designers had to deal with this by specifying tolerances, which are allowable variation from the normal values. Conceptual tolerance limits are designed requirements while the control limit depends on how the process actually operates. Process capability allows one to quantify by how well a process can produce acceptable product. The importance of tolerance and the control of manufacturing variation received increased strive to improve productivity and in the quality of the products. There is a realization that it is no longer acceptable to arbitrarily select the tolerances in engineering drawings, as the effects of tolerance assignment are better tolerated. The variation constrained or bounded by the tolerances also directly affect product performance and robustness of the design and poorly performing products will eventually lose their place in the market. The possibility of minimizing failure cost of electronic production processes by adjusting acceptance limits of such resulting product of the operation was analysed through simulation in [9] .
The concept of the influence of the process parameters had also been focused [10] - [12] . [10] revealed that the influence of the machine feed, diameter of the workpiece, and diameter of the hole being bored on in a machining operation significantly influenced the tool wear rate. The effect of the machining parameter on the tool life for machining process was investigated by [13] where the spindle speed was found to have an inverse influence on tool life and was more dominant than the effect of feed rate. [10] showed that the combined effect of cutting speed at it's lower level, feed rate and depth of cut at their higher values, and larger work piece diameter can result into increasing chip microhardness during formation in machining. [11] attempt to study the effect of machining parameters on the surface characteristics and quality of machined part with respect to the specific cutting pressure, microstructural alteration and microhardness of high speed dry turning of superalloy Inconel 718. Specific cutting pressure were discussed to have affected the machining process and tool capability. The effects cutting speed and feed rate on main cutting force and surface roughness were experimentally investigated by [14] in which optimal and critical cutting parameters were determined. Cutting speed limit was determined to avoid formation of built up edge and layer during machining of AA6351 (T6) alloy with uncoated carbide inserts. The results of their study showed that the feed rate considerably affect the main cutting force and surface roughness of the product. In the investigation by [15] , the surface roughness of a machined piece tends to decrease with increasing cutting speed during turning operation up to a specified limit while the roughness decreases with de-creasing feed rate of the machine tool. Turning tests performed on nickel-based alloy show that the cutting speed during turning of the material had significant influence on the surface roughness and chip formation [16] .
The ability to predict the accuracy of machine parts in a machining operation could provide possibility of obtaining optimal machining process and the ability to design a robust optimal performing machining system [17] .
The focus of this study is to investigate the process capability of turning on the general purpose AJL180-325VS Gap Bed Lathes machine installed for student training for purpose of industrial application. The machine was investigated to determine its suitability for machining operation at specified tolerance limit as may be required by the industrial clients.
Experimental Procedure
The experimental procedure includes the selection of the specific materials, machine and the machining operation required for the capability study.
Materials
The work materials used for the study was the annealed cold drawn SAE 1050 high carbon steel material of 50 mm diameter cut to length of 300 mm for each work piece. The typical properties of the steel include the elastic modulus of 210 GPa, tensile strength of 636 MPa, yield strength of 369.4 MPa, hardness of 187 HB with impact strength of 16.9 J annealed at 790˚C. The general purpose AJL180-325VS Gap Bed Lathes machine of 300 mm turning length capacity installed with 250 mm chuck diameter was used with a High Speed Steel (HSS) single point cutting tool of 5˚ rake angle and 8˚ relief angle with nose radius of 0.5 mm was used for the cutting process. The work-piece measurements were taken using the digital Vanier Caliper and the statistical process control (SPC) software was used for the analysis of the data which were recorded on statistical data sheet.
Methods
The process capability study involve the generation of data from the shaft turning. The procedure for the study include Selection of the candidate material, evaluating the measurement system, preparing the control plan, analyzing data samples, estimating the process capability and establishing a plan for continuous turning process improvement.
The machine tests were carried out on the AJL180-325VS Gap Bed Lathes available at the Igbinedion University, Okada, Nigeria. The key parameters considered for purpose of viewing the machine tool capability are the cutting speed, the feed rate and the depth of cut. The straight turning operation shown schematically in Figure 1 was done for ninety (90) test piece at spindle speed of 300 rpm -500 rpm, with feed rate 0.25 -0.5 mm/rev at a depth of cut of 0.01 mm for nominal diameter of 40 mm with specification limit of 40f7 (tolerance of 0.025 ± 0.050). Roughly drilled hole are finished to specification H8 on each test piece to exact size by using a reamer which was mounted on the lathe tailstock. The cutting operation for the steel was performed at room temperature of 25˚C.
The Spindle speed, N, for the cutting process was obtained from Equation (1) [18] . 
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where: v is the cutting speed measured "m/min" and D is the work-piece diameter measured in "mm". Moving range of two successive observations were used to determine the variability employed in deriving the control limits for the process. The variability of the process was measured in terms of the distribution of the absolute value of the difference of every two of the successive observations. The control limit were obtained from Equations (2)- (8) 1
where x the process mean, j is the number of observation ranging n observation, and n is the subgroup size. 1 1 Moving range : 
where p C is the process capability for two-sided specification limit, irrespective of process center, pk C is the process capability for two-sided specification limits accounting for process centering and σ is the standard deviation. The statistical process control (SPC) technique was used to assure that the process remains stable. The output of the turning process was compared with the specification limit using the capability indices. Table 1 shows the data obtained for three attempt of the turning process at various speed and feed rate of the operation. Figure 2 shows the control chart for the machining operation. The Process Control Chart shows that the data points fell within the control limits. The moving range chart also indicates that all the data points are within the control limits indicating that the process is in statistical control and hence is under control and stable. Consequent upon this premise, the process capability evaluated by the use of capability indices via the SPC software is shown in Figure 2(b) .
Results
For the subgroup size of n = 3, the control chart constants are obtained as, A 2 = 1.023, D 3 = 0, D 4 = 2.574, d 2 = 1.693, [19] .
The control limit are thus obtained as shown in Table 2 .
The process capability indices were obtained for the process data as C p = 0.58 and C pk = 0.58. This implied that the process is placed exactly at the center of the specification limits. And since C p < 1 the process is considered not adequate. The machine capability for industrial application is therefore not adequate and the process 
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Est. Sigma = 0.003 centering is also considered inadequate. In this circumstance, the C pk index is used to interpret the capability of the process. It therefore could be deduced that the process at varying feed rate and spindle speed is not capable of producing the quality required for the specified shaft. The machine settings are therefore not favorable and the process need be revisited to take the mean back towards the center.
Conclusion
The result of analysis of the data collected indicates that, the process is not capable of consistently bringing out shafts with diameter falling well within the customer's expectation, even though it remained in statistical control. Also, the process is not acceptable. The process owner cannot claim that the customer will not experience difficulty in the use of products which translate into losses. The reliability of such product resulting from the process cannot therefore be guaranteed.
